Magnetic properties of amorphous alloys of the type Fe80-xTMxB20 (0 ≤ x ≤ 20 at.%, TM = Ni, Co, Mn, Cr, V, Ti) are presented and analyzed.
Introduction
The concentration dependence of the magnetic moment in amorphous alloys, where transition metal substitutes for another transition metal, was studied by many authors. It has been found that in amorphous Fe80B20 alloys the magnetic moment per metallic atom follows the Slater-Pauling curve when Ni or Co substitutes for Fe, while strong departures are observed for Mn, Cr, V, or Ti substituted alloys. In this case the behavior of the magnetic moment can be understood in terms of Friedel's virtual-bound-state model [1] .
A new way of plotting magnetization data was proposed in Ref. [2] . The new construction differs from the usual Slater-Pauling plot in the replacement of electron-toatom ratio by a related but different quantity, which is called "magnetic valence" . In this model several alloy systems which appear in the usual Slater-Pauling plot as departures from regular behavior become regular in the new plot. Because the generalzed Slater-Paulng model embodies the Friedel theory and the extension of the Friedel theory by Terakura and Kanamori [21] , a wide variety of the amorphous alloys can be studied by this method. Nevertheless, even this generalized Slater-Pauling model cannot explain the details of the moment variation in the amorphous alloys with metalloid content.
Analysis of the data within the framework of Friedel's model was made for the amorphous Co80 -xTMx B20 alloys with TM = Fe, Mn, Cr, V by O'Handley [3, 4] and for the amorphous (Fe100-xTMx)79P13B8 alloys with TM = Mn, Cr, V by Durand [5, 6] . We report here concentration dependence of the magnetic moment for the amorphous Fe-based alloys with boron as the only metalloid.
Experimental
Metallic glasses of 35 μm thickness were produced by the melt quenching technique. Each foil was checked by X-ray spectroscopy to make sure that no crystalline phase was present. Simultaneous derivative thermomagnetogravimetry differential thermal analysis (DTMG-DTA) method was apphed to find the Curie temperature and crystallization temperature. The Mössbauer measurements were performed with a spectrometer operating in a constant acceleration mode. The source was Co57 in Cr matrix. Standard method for magnetization measurements has been used. Some of these results have already been published [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
The magnetic moments at room temperature have been estimated by combining the results of the Mössbauer measurements with bulk magnetization measurements. From the average hyperfine field on 5 7 Fe one can obtain the mean magnetic moment of Fe (µFe ) and from magnetization -the mean magnetic moment of metals (Fe+TM) in the alloy as a whole (Ti) . In order to obtain the mean magnetic moment of the transition metal μTM we can use the relation where c is the relative TM concentration (c = x/80 in the notation of (Fe1-cTMc)80B20).
Results
The variation of the mean magnetic moment per metal atom as a function of x is shown in Fig. 1 . Assuming that for small concentration (x < 6 at.%) this variation is linear, we can describe µ(c) by the empirical expression where Ę is the slope of the moment vs. TM content curve, and B is the Bohr magneton. We can observe that for x < 6 at.% TM addition causes drop in the average moment per transition metal atom (Table) . In the case of Co and Ni it is a relatively small effect. Cr and V cause µ to decrease nearly twice as fast as Ti and Mn. Such dependence has also been observed for crystalline (TM,Fe)2B compounds (TM = Mn, Cr, V, Ti) [19] .
There are no values of µ for V and Cr containing amorphous alloys, because these alloys are paramagnetic for x > 20 at.% at room temperature.
The Curie temperature is plotted as a function of TM concentration in The positive and equal to zero gradients in Co and Ni respectively substituted amorphous alloys are observed for the concentration dependence of the mean magnetic moment of Fe -µF e (c) (Fig. 3) . The data of Fig. 2 and Fig. 3 may be correlated by accepting a few assumptions about the relative populations of majority and minority spin states as was done by O'Handley [17] . (6) . Experimental values for Ę are calculated for low concentrations (x < 6 at.%).
In the case of Co and Ni, Z↑ i s a b o u t z e r o a n d t h e v a r i a t i o n o f t h e m e a n magnetic moment is given by Eq. (4) . In a simple model with nonhybridized s-d bands, the total displaced charge is zero if the d ↑ b a n d i s c o m p l e t e l y f i l l e d . T h eZ supplementary electrons of each impurity are going mostly to the dl band because the density of states at the Fermi level is much higher for the d band than for the s band. Because the screening in the d↑ b a n d s i s v e r y s m a l l f o r C o a n d N i , t h e amorphous Fe80B20 matrix can be regarded as a strong ferromagnet in the sense described above. For Mn, Cr, V, Ti, ZT is negative and decreases to about -5 with increasing values of |Z|. These elements have nuclear charges much smaller than the matrix (large negative Z), and introduce a perturbation which is strongly repulsive. When the impurity potential is sufficiently repulsive, d bound states are repelled from the filled d ↑ b a n d a n d t h e s e s t a t e s a r e e m p t i e d w h e n t h e i r e n e r g y is larger than the Fermi energy. Neglecting the host s-d hybridization, a non-zero value of Z↑ c a n o n l y o c c u r i f a p e r t u r b e d d↑ s t a t e i s u n o c c u p i e d . T h e n u m b e r n of electrons within the corresponding virtual bound states can be estimated from Z↑ b y t h e e q u a t i o n Cr, V, Ti additions behave more in accordance with the expectation of the v-b-s model for strongly repulsive solutes. The 3dT v-b-s is above the Fermi energy and its charge is displaced to the 3d↓ b a n d s u p p r e s s i n g t h e m o m e n t s a r o u n d t h e impurity site. Mn is intermediate, implying that its low lying 3dT v-b-s intersects the Fermi level because the displaced charge Z↑ i s s i g n i f i c a n t l y s m a H e r t h a n 5 .
Thus, the v-b-s are half filled for Mn and practically empty for Cr, V and Ti in amorphous Fe80B20. Figure 5 presents the dependence of the mean magnetic moment increase dµ/dc and Fig. 6 -the dependence of the impurity magnetic moment μ/T M on the atomic number Z of TM-substituting Fe atoms in iron alloys. Figure 6 shows a change of sign of the local magnetic moment on the impurity state. This feature can be explained in strong ferromagnets by the existence of the v-b-s and intersection of the v-b-s with the Fermi level [18] .
Our conclusions are similar to those obtained by Durand [5, 6] . The comparison with the crystalline compounds done in [6] suggests that the band structure of the amorphous Fe8 0 B 20 are much more similar to crystalline Fe3 P, Fe3C and Fe 2 B compounds than that of αFe, which is known to be a weak ferromagnet.
The same conclusions were obtained on the basis of the analysis of the concentration dependence of the Curie temperature [19] . In the framework of the band model of ferromagnetism, the Curie temperature is determined by the electronic stucture. The similarities and differences between the Curie temperature of various alloys can be taken as an indication of respective similarities and differences between their electronic structure. The main feature of the data presented in Ref. [20] is the similarity between the Ni-and Cobased crystalline and Fe-based amorphous alloys and quite different character of the Fe-based crystalline alloys data. Our experimental results on the relative TC change in Fe80B20 due to transition metal additions (Fig. 7) are similar to those reported by Donald [20] and suggest a full majority sub-band in Fe-based amorphous alloys.
In Fig. 8 generalized Slater-Pauling curve (the mean magnetic moment per metal atom versus average magnetic valence) was plotted on the basis of our experimental data. Magnetic valence Zm defined as where Nd ↑ i s t h e n u m b e r o f e l e c t r o n s i n t h e m a j o r i t y s p i n b a n d a n dZ i s e q u a l t o the negative value of the valence charge Z, except for the Fe, Co and Ni column, for which 2Nd , = 10 gives Zm = 2, 1, and 0 respectively. The 45° line corresponds to a fixed number (0.3) of sp up-spin electrons and the magnetization M (in units of μB) is given by
As a general rule, the authors of Ref. [2] expect alloys, whose magnetization falls below the M = Zm + 0.6 line, to be magnetically weak. Figure 8 suggests that the amorphous alloys of the type Fe1-x TMxB 20 are magnetically strong. The data points tend to follow a slightly displaced straight line. This is in agreement with the results of the band calculations [21] -whereas the magnetization of the elements tends to follow the M = Zm + 0.6 line, the magnetization of alloys should follow a slightly displaced straight line M = Zm + 0.9.
In summary, as we have seen, the magnetic moment of Fe80-xTMxB 20 amorphous alloys can be interpreted in terms of Friedel's v-b-s model. On the basis of this analysis some information about the electronic stucture of Fe80B20 and of the impurities of transition metals can be obtained. Our experimental results suggests a full majority sub-band in Fe80B20 amorphous alloys. Transition metal solutes lighter than iron cause a v-b-s to appear above the d band of the Fe-B matrix. In the case of Cr, V, Ti the 3d ↑ v -b -s i s a b o v e t h e F e r m i l e v e l a n d i s e m p t y , w h i l e f o r Mn the 3d↑ v -b -s i n t e r s e c t s t h e F e r m i l e v e l .
